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(54) SPINDLE MOTOR WITH LIQUID BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a spindle motor with liquid bearing in 
which static electricity is hard to be charged in a carried disc, power consumption is 
low, and reliability for prolonged operation is high. 

SOLUTION: As a lubricating liquid for the spindle motor with liquid bearing 
comprising of a shaft 3 and a sleeve 2 relatively rotatable against the shaft through a 
radial liquid bearing R and a thrust liquid bearing S, such lubricating oil has been used 
to which at least 0. 1 to 1 0 percent weight of antistat and 0.1 to 5 percent weight of 
oxidation inhibitor have been added. By controlling the amount of such additives as to 
give electroconductivity to the lubricating liquid and to prevent oxidization of the same, 
an increase of viscosity and a restraint of evaporation loss can be achieved with 
properties of electroconductivity and oxidation resistance being granted. 
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Machine Translation of JP 2001-208069 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] [0001] [The technical field to which invention belongs] 
this invention relates to the optimal liquid bearing spindle motor for starting the liquid bearing 
spindle motor for a business machine, information machines and equipment, and audiovisual 
equipments, especially carrying in a magnetic disk unit, an optical disk unit, etc. [0002] 
[Description of the Prior Art] The thing of the sleeve fixation and the axial rotation type which 
were inserted in the sleeve which fixed at the base free [ rotation of a shaft ] as a liquid bearing 
spindle motor for the former, for example, magnetic disk units, and the thing of the axial 
fixation and the sleeve rotation type with which the sleeve was supported free [ rotation ] by the 
shaft set up by fixing to the base are known, the hub where the magnetic disk of two or more 
sheets is carried in a periphery - the former - rotation being attached in the shaft which is 
a member in one - receiving » the latter - rotation - it is attached in the periphery of the 
sleeve which is a member in one [0003] Between the holddown member by which any type was 
fixed to the base, and the rotation member of the other party, the thrust liquid bearing section 
and the radial liquid bearing section intervene, and the lubricous fluid is poured into the bearing 
crevice between those liquid bearing sections, and the stator arranged in the holddown-member 
side and rotation - a member -- the rotation drive of the rotation member is carried out by the 
motor which consists of Rota magnets arranged in the side by arrangement If a rotation member 
rotates, dynamic pressure occurs in the lubricous fluid of each bearing clearance in a pumping 
operation of the slot for dynamic pressure generating established in the thrust liquid bearing and 
the radial liquid bearing, respectively, and a rotation member will serve as a holddown member 
and non-contact through the liquid film of a lubricous fluid, and will be supported in the state 
of surfacing. [0004] Thus, although R/W of data is performed by the magnetic head, rotating 
the magnetic disk carried in the hub at a fixed rotational frequency by the liquid bearing spindle 
motor, the synthetic hydrocarbon oil of non-conducting like the alpha olefin oil usually used for 
the oilless bearing etc. is conventionally used as a lubricous fluid of the above-mentioned thrust 
liquid bearing and a radial liquid bearing. [0005] [Problem(s) to be Solved by the Invention] 
However, since the rotation member of a spindle motor becomes a holddown member and non- 
contact by mediation of the liquid film of the lubricous fluid of non-conducting during rated 
rotation, static electricity produced to the magnetic disk is charged as it is. Therefore, using the 
surfacing magnetic head for record reproduction as the magnetic head, to the case of a magnetic 
disk unit which write data to the rotating magnetic disk, it will discharge through the minute 
crevice between the magnetic heads to which static electricity charged on the disk surfaced, and 
it became clear to it that there is concern which the magnetic head damages in the electric 
discharge. [0006] Moreover, in the case of the magnetic disk unit of high-speed rotation or 
portable type, the spindle motor which was excellent in reliability with long-term use is 
demanded by the low power, then, this invention is made paying attention to a demand of the 
unsolved technical problem of such conventional technology, and a commercial scene, static 
electricity cannot be easily charged on the disk carried, and, moreover, power consumption 
offers the few reliable liquid bearing spindle motor of long-term operation - it aims at things 
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[0007] [Means for Solving the Problem] In order to attain the above-mentioned purpose, this 
invention concerning a claim 1 is characterized by carrying out the lubrication of the 
aforementioned liquid bearing section at least by the lubricous fluid which added the antioxidant 
for the antistatic agent 0.1 to 5% of the weight 0.1 to 10% of the weight in the liquid bearing 
spindle motor equipped with the shaft and the sleeve which carries out relative rotation through 
the liquid bearing section to the shaft. [0008] The liquid bearing spindle motor of this invention 
can suppress that viscosity moreover becomes high, securing the conductivity of 3000 or less 
M omega-cm of volume resistivity to lubricous fluids, such as an oil, since the addition was 
regulated and the antistatic agent is added to 0.1 - 10% of the weight of within the limits. At 
less than 0.1 % of the weight, the addition of the antistatic agent concerned cannot secure 
necessary conductivity, and cannot prevent static electricity electrification of a disk. On the other 
hand, if the addition exceeds 10 % of the weight, the viscosity of a lubricous fluid will become 
high too much, and torque increase of a spindle motor will be caused. [0009] Moreover, by 
having added the antioxidant 0.1 to 5% of the weight, oxidization of a lubricous fluid is 
prevented and evaporation can be suppressed. The addition of the antioxidant concerned is 
evaporation of a lubricous fluid at less than 0.1 % of the weight. On the other hand, if the 
addition exceeds 5 % of the weight, the viscosity of a lubricous fluid will become high, and it 
is bearing. Increase of torque is caused. [0010] [Embodiments of the Invention] Hereafter, the 
gestalt of operation of this invention is explained with reference to a drawing. Drawing 1 is the 
cross section of the gestalt of 1 operation of the liquid bearing spindle motor for HDD, and is 
a thing axial rotation and sleeve fixed type. If composition is explained first, the sleeve 2 has 
fixed at the base 1. The shaft 3 is inserted in the sleeve 2 free [ rotation ], and the hub 4 is 
attached in the upper-limit section of this shaft 3 in one. Although not illustrated, the magnetic 
disk of two or more sheets separates an interval to shaft orientations, and is carried in the 
shallow periphery side of the reverse cup-like hub 4. [0011] In the soffit section of the shaft 
3 which penetrated the sleeve 2 and was extended caudad, the disc-like thrust plate 6 has fixed 
by the means of pressing fit, adhesion, a screw-thread stop, etc. On the other hand, the inferior 
surface of tongue of the base 1 is made to counter the aforementioned thrust plate 6, and the 
cover plate 7 is attached in it. Both the flat surfaces of the upper and lower sides of the last plate 
6 are made into 6s of thrust abutments, and the upper surface of the cover plate 7 which 
countered the soffit side of the sleeve 2 which countered 6s of thrust abutments by the side of 
the upper surface, and 6s of thrust abutments by the side of an inferior surface of tongue is made 
into the thrust bearing sides 2s and 7s, respectively. And at least one side of the thrust abutment 
and thrust bearing side which face is equipped with the slot for dynamic pressure generating of 
the shape of the shape of a herringbone, and a spiral which is not illustrated, for example, and 
the thrust liquid bearing section S is constituted. Lower 6s of thrust abutments and 7s of thrust 
bearing sides touch at the time of a idle state. [0012] While setting an interval to shaft 
orientations and forming radial abutment 3r of a couple in the periphery side of a shaft 3 up and 
down, radial bearing side 2r which counters this radial abutment 3r is formed in the inner skin 
of a sleeve 2, at least one side of radial abutment 3r and radial bearing side 2r is equipped with 
the slot m for dynamic pressure generating of the shape for example, of a herringbone, and the 
radial liquid bearing section R is constituted. [0013] And the rotation drive of a shaft 3 and the 
hub 4 is carried out in one by the motor M which consists of a stator 9 fixed to the periphery 
of the base 1, and a Rota magnet 10 fixed to the bore side of the hub 4 which is body of 
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revolution-ed. The lubricous fluid of the specified quantity is beforehand poured into the above- 
mentioned radial liquid bearing section R and the above-mentioned thrust liquid bearing section 
S. The lubricous fluid adds at least 0.1 - 10% of the weight of an antistatic agent, and 0.1-5% 
of the weight of an antioxidant to a lubricating oil. [0014] As a lubricating oil, diesters, such 
as DO A, DODN, DOS and DOZ, and DID A, can be begun, for example, and TMP 
(trimethylol-propane ester), PET (pen TAYURISURI toll ester), aromatic ester, and 
KOMPUREKUSSU ester, a carbonate, etc. can be illustrated. Plurality is blended and used, in 
order to use these alone or to obtain the viscosity of hope. In addition, if a carbonate is blended 
and used, the boundary lubrication nature of the bearing surface will be improved and 
deactivation endurance will improve. [0015] As kinematic viscosity of the oil to be used, it is 
small in the bearing torque at the time of low temperature, and in order to secure the rigidity 
at the time of an elevated temperature, below kinematic viscosity 20xl0-6m2 / s (20cSt) are 
desirable at 40 degrees C. Since bearing torque increases so that the operating rotational 
frequency of a spindle motor will become high, if kinematic viscosity is higher than this, the 
diameter of the shaft 3 which constitutes the liquid bearing section to correspond to this must 
be made thin (to for example, less than 2mm), therefore intensity required as a liquid bearing 
and rigidity cannot be secured. [0016] As an antistatic agent, what was selected from a 
glycerine fatty acid ester, polyoxyethylene alkyl phenyl ether, a polyoxyethylene alkylamine 
fatty-acid amide, alkyl phosphate, alkyl ammonium salt, an alkyl benzyl ammonium salt, a 
****** TAIN imidazo RIRINIUMU betaine, octadecanamide, aromatic phosphoric ester, 
aliphatic phosphoric ester, etc. is desirable. [0017] If it is in this invention, the antistatic agent 
chosen from these is added to the above-mentioned lubricating oil by 0.1 - 10% of the weight 
of within the limits. By regulating an addition in such a range, conductivity can be secured being 
able to use volume resistivity of a lubricous fluid as 3000 or less M omega-cm, and it can also 
be suppressed that viscosity moreover becomes high too much. As an antioxidant, an amine 
system antioxidant, a phenol system antioxidant, etc. are desirable. While suppressing 
oxidization of a lubricous fluid by adding the antioxidant selected from these to a lubricating oil 
by 0.1 - 5% of the weight of within the limits, the evaporation loss at the time of elevated- 
temperature neglect can be made small. [0018] The antistatic agent and antioxidant which are 
used here will cause viscosity elevation of a lubricous fluid, if these are added too much so 
much, since viscosity is high, and bearing torque will increase. Therefore, in order to stop the 
viscosity of a lubricous fluid low, it is necessary to restrict the upper limit of the amount to add. 
Then, if it is in this invention, as an addition of those additives, it takes preferably [ it is 
desirable and / in 5 or less % of the weight and an antioxidant ] 5 or less % of the weight for 
3 or less % of the weight 10 or less % of the weight with an antistatic agent. [0019] In 
addition, since the deactivation endurance of a liquid bearing will improve to the above- 
mentioned lubricating oil if the extreme pressure additive is further added in 0.1 - 3 or less % 
of the weight of the amount in order to raise boundary lubrication nature, it is desirable. Next, 
an operation is explained. In the liquid bearing spindle motor of drawing 1 , the rotation drive 
of a shaft 3 and the hub 4 can be carried out in one by energizing through the motorised control 
circuit which is not illustrated by the stator 9 of Motor M. Then, dynamic pressure occurs in 
a pumping operation of the slot for dynamic pressure generating in the lubricous fluid with 
which each bearing crevice between the thrust liquid bearing section S and the radial liquid 
bearing section R is filled up, and a shaft 3 and a hub 4 are rotated, becoming non-contact at 
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a sleeve 2 and a cover plate 7, and being supported in the state of surfacing. The data based on 
the magnetic head can be written rotating by this the magnetic disk carried in the hub 4 at a 
fixed rotational frequency. [0020] When the surfacing magnetic head for record reproduction 
was now used as the magnetic head, when volume resistivity was regulated to 3000 or less M 
omega-cm, that electricity is discharged through the conductive lubricous fluid of the liquid 
bearing section made clear static electricity produced to the magnetic disk during rated rotation 
of the spindle motor of drawing 1 . Therefore, if the lubricous fluid which made volume 
resistivity 3000 or less M omega-cm is used, since the static electricity concerned will discharge 
through the conductive lubricous fluid held in the bearing crevice between the liquid bearing 
sections, there is no possibility that the magnetic head may be damaged. [0021] Moreover, since 
the viscosity of a lubricous fluid is stopped low also in high-speed rotation, bearing torque is 
small and, therefore, can be operated by the low power. And while regulating an addition in a 
lubricous fluid and the antioxidant's being added so that the viscosity may not be raised, 
therefore oxidization of a lubricous fluid being suppressed and degradation being prevented, even 
if the evaporation loss at the time of elevated-temperature neglect is also small and it therefore 
uses it for a long period of time, the reliability of a spindle motor is maintained at it. [0022] 
Drawing 2 and drawing 3 show the result of the experiment which went in order to check the 
effect of having added the antistatic agent and antioxidant which regulated the addition to the 
lubricous fluid which carries out the lubrication of the liquid bearing section in the liquid bearing 
spindle motor of this invention. Drawing 2 expresses the relation between the addition of an 
antistatic agent, and the volume resistivity value of a lubricous fluid, and drawing 3 expresses 
the relation between the addition of an antioxidant, and the evaporation loss of a lubricous fluid. 
Comparison examination of the antistatic agent A and antistatic agent B which were selected 
from what was previously illustrated about the antistatic agent using the diester oil to the 
lubricating oil was carried out. Moreover, about the antioxidant, comparison examination of the 
evaporation loss at the time of leaving what added the antioxidant selected from what was 
previously illustrated to the diester oil 2% of the weight, and the thing of only a diester oil at 
an elevated temperature with a temperature of 120 degrees C for a long time was carried out. 
[0023] Drawing 2 shows that the volume resistivity value of a lubricous fluid can be suppressed 
to 3000 or less M omega-cm by adding an antistatic agent 0.1 to 10% of the weight. Moreover, 
to an evaporation loss hardly increasing the prolonged elevated-temperature neglect which will 
exceed 120 hours from drawing 3 if an antioxidant is added 2% of the weight, either, when it 
exceeds 80 hours in an additive-free case, it turns out that an evaporation loss increases rapidly. 
[0024] In addition, in the above-mentioned example of an operation gestalt, although the case 
of a liquid bearing spindle motor axial rotation and sleeve fixed type was described, not only 
this but this invention is applicable also like a sleeve rotation and axial fixed type liquid bearing 
spindle motor. [0025] [Effect of the Invention] Since the lubricous fluid which regulated the 
addition, respectively and added the antistatic agent and the antioxidant was used according to 
this invention concerning a claim 1 as explained above, while being able to prevent 
electrification of a loading object, it is low torque and a low power and, moreover, evaporation 
of a lubricous fluid can offer the few reliable liquid bearing spindle motor of long-term 
operation. 
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CLAIMS 



[Claim(s)] [Claim 1] The Liquid bearing spindle motor characterized by carrying out the 
lubrication of the aforementioned liquid bearing section at least in the liquid bearing spindle 
motor equipped with the shaft and the sleeve which carries out relative rotation through the 
liquid bearing section to the shaft by the lubricous fluid which added the antioxidant for the 
antistatic agent 0.1 to 5% of the weight 0.1 to 10% of the weight. 

[Translation done.] 
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